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1 The project work 

1.1 Statement of the problem 

The mobile robot is a inechanical benchmark problem, which has interesting properties to test 

and develop nonlinear controllers. 

Most of the mobile robots consist of two independently 

driven wheels and one caster or gliding point. For that, the 

two inputs (forward velocity u, steering velocity w) have to 

be converted into the differential velocities of the two 

wheels. Like a car, sideway movement is not possible. 

Without any slip the kinematicai model (i.e. in terms of 

velocities) of the mobile robot can be modelled by the 

following set of differential equations: 

I x = ucose 
inputs: forward velocity u + =usin8 

steering velocity w le =, 

The system has two inputs (u, w) versus three independent coordinates (x, y, 8 - no sideway 

movement possible) that should be controlled. This means that this is an underactuated control 

problem. For systems like this, it has been shown that no smooth time invariant feedback exists 

that stabilises the origin (0,0,0) from an initial position (x, y, 8 )  or that is able to track a 

prescribed reference trajectory. Solutions to this control problem are sought in time-variant 

feedback or in switching controllers. These advanced mathematical controllers are proven in 

theory and simulations, but hardly in practice. In order to validate these new nonlinear 

controllers in an experimental environment and to develop other (nonlinear) strategies, the 

section Dynamics and Control wants to construct a mobile robot and operate it in the laboratory. 



This project work contains both the look for work that has already been done on autonomous 

mobile robots and the attempt to get first experiences in operating such a robot. The robot in the 

laboratory does not need to be fully autonomous, but it should be able to measure or reconstruct 

its own position (for example by wheel or shaft encoders). An accurate, external, position 

measurement system will be provided as a reference. All communication and power supply 

Shmld be A sepa-zte corLp-dter allows powerfii! and fleiii$le so~ctions for the 

measurement systems and the selection of controller hardware and software. 

1.2 Approach 

I worked out this project by treating the following tasks: 

look around (on the Internet, library, other faculties) for existing research projects about 

autonomous mobile robots and also for already available robots 

get information about the different components mobile robots consist of 

construct a robot or choose one of the available and order it 

operate this robot, i.e. get experiences in assembling and programming 



2 Mobile robots 

2.1 General introduction 

Robot subsystems can be found almost everywhere today. Nearly every car has integrated 

?~icrocontroiiers, which control the engine timing and opt i~izes  the power. Eyes and E m  of 

robots, i.e. photocells, infrared detectors and other sensors, guard our homes, their muscles, i.e. 

servomotors and electromagnets, fill glasses and open doors. 

The unusual is to see these microcontrollers, sensors and motors together in a running 

autonomous mobile robot. In everyday life we do not often find machines that move 

autonomously and perform tasks without any help. Most industrial robots are mounted on a fixed 

base and cannot move around. Their working area is thus limited to the volume reached by 

motion of the robot's joints. 

A mobile robot, however, can go where the work is and can transport items between fixed-base 

robots, thereby opening up many new application areas. Mobile robots can be used, for example, 

to move products, parts inventory, and other lightweight items from one location to another. 

They are quite useful in hazardous environments, such as nuclear installation, at the scene of fire 

or a bomb disposal site. In the home, most functions will require mobile robots, such as aiding 

the handicapped. 

But the largest fields of application are the domains of education and research, because mobile 

robots are a serious and relatively cheap platform to study nonlinear control applications. Their 

experiences are used to meet the aforementioned requirem-ents and to find new possibilities of 

use. Very common are also students competitions in construction and control of mobile robots, 

like the AAAI Mobile Robot Competition, where robots have to solve different tasks 

(http://www.aic.nrl.nav~.rniV-schultz/aaai2000), or the RoboCup, the world competition of 

robots playing football (htt~://www.robocup.org). Other competitions are the Eurobot (european) 

and the Dutch Createch competition (national). 



2.2 History 

Mobility in robots has been a desirable goal for years. The first step was, in 1975, a gantry robot 

that moved along overhead rails. Arrived at its desired location, it could pick up things with his 

arm. But gantry robots are still not mobile enough to handle applications requiring wide-ranging 

mobility. 

The next improvements were wheeled vehicles. The first ones were teleoperated; i.e. they had to 

be steered and controlled by a remotely located operator who could see the robots environment 

through an onboard vision system. Even when they were very successful in inaccessible and 

hazardous locations, they were too expensive for normal factory operations. 

Next step were the automated guided vehicles (AGV), which are driverless and can handle large 

loads from one location to another, but are generally constrained to follow a fixed path. This path 

could be either a wire buried in the floor, detected with a radio frequency sensor, or a painted 

stripe, "seen" with optical sensors. 

But the most desirable type of mobile robots is completely autonomous, that means it can travel 

anywhere without an explicit path. By now, autonomous mobile robots are already available, 

some of them for commercial use, others for experimental or educational purposes, which help 

us to understand the principles of mobility. [2] 

2.3 Chassis 

The chassis of mobile robots are very different and mainly depend on their purposes. They vary 

for example in form, size, material and the way to move. 

Form and size are typically determined by the robot's use, its material can nearly be everything, 

in the educational or hobbyist fields sometimes even toys like Lego or Fishertechnik. Lego for 

example sells the Mindstorm series, which are also used for robot competitions (see 

http://www.le~omindstorms.com). 



Two main differences exist in the way how robots are driven and steered. Two or four 

independently driven wheels (sometimes with one or more casters for a better stability) or tracks 

like a tank allow the robot to turn in place and therefore to move in small areas. 3- or 4-wheeled 

vehicles, where one part is driven and the other one steers, are not as mobile as the 

aforementioned, but perhaps better in stability or for large working areas. 

Additionally there is the domain comprising legged robots, walking machines in very different 

realizations, which however do not satisfy our needs to have a platform to test controllers, even if 

they also are some kind of mobile robots. 

2.4 Control of mobile robots 

Control in this context means to operate the robot. This includes the robot's hardware to execute 

programs as well as programming it and reading the sensors' information for example. 

Most of the mobile robots are controlled by a so-called microcontrollers. A microcontroller is an 

integrated chip (IC - a small electronic device made out of a semiconductor material) that 

contains all the components comprising a controller. Typically this includes a CPU (central 

processing unit - the brain of a computer), RAM (random access memory - a type of computer 

memory that can be accessed randomly), some form of ROM (read-only memory - memory on 

which data has been prerecorded), 1.0 ports (inputloutput ports) and timers. Unlike a general- 

purpose computer, which also includes all of these components, a microcontroller is designed for 

a very specific task - to co~tro! a paticulx system. As a result, the pULs c a ~  be simplified a ~ d  

reduced, which cuts down on production costs. 

Robots are programmed in programming languages, usually in high-level languages, such as 

Basic, C, C++, FORTRAN and Pascal. The robots program is written on a host PC, there 

compiled and then downloaded through a serial cable to the microcontroller where it is executed. 

Therefore it's often not possible to change the program during the robot is running. 



Besides, there are also some more advanced and quite more expensive robots, which are 

controlled by an onboard or offboard computer; in case of an offboard computer, communication 

with the robot mostly takes place by wireless radio modems. Onboard processing can be more 

immediate and provides also the option for multiple accessible processors. Offboard processing 

is less expensive, if the required hardware (computer) already exists. 

Coinpier-coniro11eC: rotois have iiiiuch more eompuiaiion power and a greater nieinorji. Hence 

they are able to execute more complex programs and offer much more opportunities than robots 

controlled by microcontrollers. In consequence to their abilities, interaction with their 

environment can also be much greater and more complicated. 

2.5 Sensors 

2.5.1 Introduction 

Robots in general, as flexible machines performing different tasks, just need for some of their 

tasks feedback information about their environment. Mobile robots, as vehicles mostly running 

on unknown terrain with different and changing obstacles, are dependent on getting such 

information, that means they need devices to let them see, hear or sense, almost like human 

beings do. 

Since these devices were originally meant as an extension of the human senses it followed that 

they should be called sensors. In most of the cases these tasks are managed by transforming the 

physical input energy into an electric output signal that can be measured andor &splayed on a 

suitable device. This transformation process has been identified in various disciplines as a 

process of 'energy transduction' which has also led to sensors' other common name, 

transducers. 

A transducer converts a physical non-electrical input quantity (the measurand) into an electrical 

output quantity. The transducer itself does not contain any further processing beyond this energy 

conversion. A sensor is able to convert a physical non-electrical input quantity into an electrical 

output quantity and to process it, in accordance with a given algorithm, to provide an output 

suitable for interfacing to a process control system such as a computer. [3] 



This leads to a further classification of sensors, that of: 

intelligent sensors, those that can interact with the control computer to provide data 

manipulation 

non-intelligent sensors, those that can provide the computer with the output data only 

2.5.2 Different types of sensors 

Information about different types of senors can be found in [I], [2] and [3]. 

Position measurement 

A potentiometer converts a mechanical input, the physical position of its wiper terminal, into an 

electrical signal by the simple principle of a potential divider. 

Potentiometers are the simplest positional transducers; they consist of a circular resistor with the 

sliding contact on it connected to a rotating shaft. The resistance between the connections of the 

potentiometer is the function of the relative position of the shaft with the slider to the circular 

resistor. But for that reason they are only able to measure distances in a limited range. 

Optical encoders transform the mechanical input quantity, the physical angular position of its 

shaft, into an electrical output quantity by light absorption. They can be divided into two groups, 

the absolute and the incremental transducers. 

Incremental encoder disks use a channel of alternate opaque and transparent lines, whereas the 

disks of absolute encoders have several channels of either binary or gray coded patterns with 

each channel requiring an LED-photodiode combination to detect the logic state of each bit. The 

output therefore is provided directly as a digital number representing the angular position 

measurement whose resolution depends on the number of bitslchannels used, whereas 

incremental encoders are only able to count clicks. 

Compass and Global Positioning System (GPS) readings can also add positional data that helps 

to identify the robots location. Cameras, vision- , infrared- and ultrasonic systems can also be 

used for position measurement. 



Object / Light detection 

Photoresistors, which are sometimes referred to as Light Dependent Resistors (LDR), are based 

on the internal photoeffect (when the conductivity of the bulk material is raised by the creation of 

electron-hole pairs), are made mostly from semiconductor material and have a logarithrric 

trmsfer characteristic. They are mainly used ir, low-freque~cy control apphczticm, far example 

as part of an optical safety 'curtain' around mobile robots. 

Tactile sensors, also called bumpers, are simple contact-switches, which convert a mechanical 

input, the physical contact to an obstacle, into an electrical signal. They are often used, additional 

to photoresistors, as part of a safety 'curtain' around mobile robots. 

Infrared proximity sensors are often called IRs for short and consist of an infrared emitter and 

detector. The emitter sends a spot of modulated infrared light, which is reflected by an object and 

received by the detector. Most of the infrared sensors can only realize the presence of any object, 

but not its distance; they are relatively cheap, but have limited range. 

Distance measurement 

A sonar transducer (SONAR - Sound Navigation And Ranging) sends an ultrasonic signal, 

which is reflected by an obstacle and again received by the sensor. By measuring the time 

between sending and receiving the signal, the robot's microprocessor can determine the distance 

is the obleci that reflected the signal. Ultrasonic distance sensors work contactless and can stiii 

detect small objects at considerable distances. They are able to disregard disturbing backgrounds 

and they still function in fog, dust, dirt or extreme lighting. Sonar is probably the most cost- 

effective navigational aid. 

Vision sensors are the most complex sensors for robots, often using many different techniques 

of the sensors described above, included in one application. There are 2D and 3D sensors, 

utilizing distinct methods of approach. Vision is also most complex to process, but potentially 

the most useful sense for navigation. 



2.6 Available robots (general) 

A wide range of mobile robots is yet available, both for educational and commercial purposes. 

There are low-cost and expensive robots, but differences also exist within these two groups. An 

overview about some available robots is given in the Appendix Al. 

Which robot you choose depends upon your purposes and your budget. Here are some questions 

that might be helpful to decide which robot shofild be bought: 

Mechanical Design 

Is the robot well designed? 

Does the robot run smoothly or do parts wobble? 

Is the robot well balanced or will it fall over easily when running over doorsills? 

Are parts easily available? 

Can spare components be easily accessed if necessary? 

Can the battery be charged easily, without disassembling the robot? 

Sensors 

Which sensors do I need? 

All sensors have advantages and disadvantages (see chapter 2.4). 

What is the sensor's coverage? 

The location of sensors is typically more important than the quantity, concentrated 

accurate sensing in the direction of travel is most important for navigation. 

Does the robot have adequate sensor coverage in the direction it is moving, i.e. are 

narrow objects like chair legs, for example, detected? 

Do sensors cover the lowest height (10-15 cm) from the floor, where many obstacles 

occur? 



How frequently sensors are read? 

Sensors are only useful when they are read. For example, if forward sonar is only 

requested once or twice a second, collisions will be significantly more frequent than with 

forward sonar requested three or four times per second. If forward sensors are read 

infrequently and gaps in coverage exist, the possibility of collision is much greater. If the 

r sbd  is traveling 2t 2 hihigh speed, then the chance of collision increases again. 

Processors 

Are the robot's processors well selected? 

More processors do not necessarily mean that the robot is more capable. Some software 

may require more dedicated processors to perform the same functions as other. 

How much processing power is needed? 

Larger robots may handle several onboard processors. If massive processing power is 

needed, a larger robot or a separate computer is probably necessary. 

Should the robot be controlled onboard or offboard? 

Both systems have advantages (see chapter 2.3). 

Drive System 

What sort of terrain will the robot drive on? 

Unless robots will be used on a specially designed surface, even an indoor robot should 

be able to pass 1-2 cm steps. 

How fast should the robot travel? 

An autonoXous robe? should mt m x e  f2ster thm it czr, sense 2nd respond to. If an 

autonomous robot only requests its forward sonar twice per second, it should not travel 

more than 10-15 cm per second, regardless what its motors are able to. 

What payload do I need? 

Check both the weight of the payload and the balance of the robot to assure that it will 

accept the required load (packageladditional accessories) 



How accurate does the navigation has to be? 

Many aspects of the robot's design affect navigational accuracy. The more ticks per 

wheel revolution, the better. Can the robot turn in place? If not, it is losing accuracy on 

turns. It also may lose accuracy if wheels wobble or lose contact with the surface. 

How large should the working area be? 

The action-radius of your robot mosriy depends on the capabiiity of different 

components, such as the radio modem and/or the batteries. 

Power 

Will the robot run as long as I need? Is the robot easy to recharge? 

Regardless how long the robot runs, it should be simple to recharge. 

UO 

Is adequate I/O available? 

Perhaps you don't need additional 110 at the moment, but having it available will make 

the robot more flexible for your future needs. 

Software 

Can it be programmed in the programming language I prefer? 

Both for assembly and for high-level compilers different software is available. 

Pricifig 

Are there hidden costs? 

For example, some companies charge extra for software or for components that are 

standard in other systems. 

Reliability 

How reliable is the robot? 

Check with other customers to learn the robot's reliability and maintenance requirements. 



2.7 Selection of a mobile robot 

For our wish to test and to operate an autonomous mobile robot in our laboratory, we started 

looking for a small low-cost robot. An overview about some of the available low-cost robots can 

be found in Appendix Al .  All of them are developed for hobbyists or for them who want to get 

their first experiences with mobile robots, also in the fieid of research. But they have great 

differences in prices and equipment. 

What they all have in common, is, that the power supply is realized wirelessly by batteries, and 

that programming and compiling are in most of the cases done by well known programming 

languages like BASIC, C/C++ or PASCAL. 

The differences are that some of them, like the Carpet Rover, the Micromouse and the FirstBot, 

come without any kind of sensors. They can be seen as platforms to built your own, specific 

robot, adapted to your needs. Of course, different sensors are available as accessories, but they 

have to be chosen and tested concerning compatibility. 

More likely for beginners is, that all the others come with a kind of basic configuration. All of 

them have tactile sensors, to avoid damages by crashing not-detected obstacles, and, except for 

the GrowBot, they also have an object detection system, in these cases materialized by infrared 

sensors. 

There is also a variance in the way how they are driven and steered. The ARobot, for example, 

has one driven axis in the front and a steering wheel in the back; all the others are directed by 

two independently driven wheels, what of course causes different control and programming 

conditions. 

One attribute that is covered by only two of the low-cost mobile robots you can find in the 

Appendix A1 is the capability to measure the distance the robot has moved. The Rug Warrior 

and the ARobot have optical encoders on their wheels or on its shaft to realize it. 



Summarized, we looked for a small low-cost autonomous mobile robot fulfilling the following 

tasks: 

object detection 

distance measurement 

tactile sensors 

,,, ,,,,, L1 
LIUUIWI~ in a high-kclei programming language 

wireless power supply 

independently driven wheels 

After comparing all the available ones, there was only one that satisfied our wishes: the Rug 

Warrior. Even ik it is the most expensive one of them, we decided to buy it, because it is the only 

one that has all the capabilities we wanted our mobile robot to have. 



3 Rug Warrior Pro 

3.1 General description and composition 

The Rug Warrior, arose out of a research project at the M 

Logic sipp:y 
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ssachusetts Institute of Technology 

(MIT), is a small mobile robot with 20cm diameter, designed for educators, researchers and 

hobbyists. The robot's center is the &bit microcontroller 68HCll from Motorola with 32Kbyte 

battery backed RAM, which can be connected to a host PC by a serial cable. Programming takes 

place on the host computer in Interactive C, an alteration of the programming language C. The 

host computer acts as an editor and compiler for the source code. An interpreter on the 

microcontroller works out the compiled routines. 



The drive system of the Rug Warrior consists of two independently driven wheels and a caster. 

Because of this differential drive the robot is able to turn in place. Additional to the two motors, 

there are an alphanumerical LC-display, four LED's, which indicate the motors turning direction 

and the infrared sensor's function, and a piezospeaker. 

TkIC irlt erlz; serlsDrs of tble g-- xx7--:-- --- 4 --.- --.L--l ----,I--- --.-- ug vv a l l ~ ~  LUG L W U  WIICGI CIILUUGLS, ~uuul~ied on ihe drive wheels. 

As an external sensor there are two photoresistors, two infrared LED's with one infrared 

detector, a bumper-skirt with three contact switches and a microphone. By the help of the 

photoresistors, connected to analog inputs, the robot is able to distinguish between bright and 

dark places in his environment. They are mounted on the front side of the robot above the 

bumper-skirt so that they can look above obstacles with a height less than 10 cm. Also on the 

front side, there are the two infrared LED's which can be turned on independently, and which 

send modulated infrared light of 40 kHz. In between there is the infrared detector that sends an 

analog signal to the microcontroller if there is an obstacle in a range of 30 cm or not; distances 

therefore can not be estimated. If an object is disregarded and thus crashed, the bumper-skirt 

detects it with one or more of its three contact switches. 

Batteries guarantee the Rug Warrior's energy supply and let him be autonomous. 

Three analog and three digital input lines offer the possibility to add additional sensors. 

Rug Warrior can be controlled directly from the host computers keyboard (by typing commands) 

or operate autonomously under the control of its onboard microprocessor. The most 

straightforward way to control Rug Warrior Pro from the keyboard is to type drive commands. 

For example drive ( 100,o ) makes the robot go forward, drive ( 0 . 0  ) makes it stop. This will 

work with just the standard libraries running. Additional code allows more sophisticated 

operations. 

Rug Warrior is offered as a combination of two Kits, the Brains Kit and the Brawn Kit, which 

can also be ordered separately and connected to custom devices. 

The Brains Kit comes partially assembled - critical logic, memory and interface components are 

already installed, sensors and auxiliary circuitry have to be put together by the builder (well 

soldering skills are required). 



The Brawn Kit includes motors, chassis and the transparent skirt to built Rug Warrior's platform. 

According to the general distributor of this robot, experienced builders should be able to 

assemble all electronic and mechanical components in less than a weekend. 

3.2 Programming 

Programs for the Rug Warrior are written in Interactive C (IC), an alteration of the programming 

language C, developed at the Massachusetts Institute of Technology and evolved and distributed 

by Newton Labs. It consists of a compiler with interactive command-line compilation and 

debugging and a run time machine language module. As a subset of C is implemented, it 

includes control structures (for, while, if, else), local and global variables, arrays, pointers, 16-bit 

and 32-bit integers and 32-bit floating-point numbers. IC works by compiling into pseudo-code 

(p-code), which is then interpreted by the run time machine language program. As a result of 

this, IC offers the following possibilities: 

- Interpreted execution that allows run-time error checking and prevents crashing. 

- Multitasking. Processes can be created and destroyed dynamically during run time by the 

given functions start_process and kill_process. If more than one process is started, the 

system switches every 5ms between the processes. 

But a disadvantage is, that the fact, the output p-code is interpreted, slows down IC7s execution 

speed during run-time. 

Writing a program for the Rug Warrior in Interactive C, you can revert to already written 

sdxcutiaes from the IC !ibri:ry file. Library f i les c m t i n  s tandxd  C friIicii0iis for interking 

with hardware on the robot controller board. These functions are written either in C or as 

assembly language drivers and do things like control motors, make tones, and input sensor's 

values. IC automatically loads the library file every time it is evoked. A list of these files, taken 

from the Robot Assembly Guide, can be found in Appendix A5. 

Two very important functions, used for the multitasking, are startsrocess and 

killqrocess. By them, new processes can be created or running processes can be killed. The 

function int start_process(function-call(. . . ) I  therefore creates a new process and 



returns an integer variable (the process identification number or pid), that can be used to kill this 

process later. Using this, infinite loops can be programmed in the functions, because they can be 

stopped using the kill-process function, which destroys processes. When this one is invoked, 

the ID number of the process that should be killed has to be used in the function's syntax: i n t  

kill_process ( i n t  pid) ; it returns either a 0 if the process was killed or a 1 if the process was 

not found. The fdkwing exampk-code shows the main process creating a sensor process, and 

killing it two seconds later. Another example, dealing with two processes can be found in chapter 

3.2.1. 

void main ( )  

{ 
int pid-sensor; 
pid-sensor = start_process(sensor()); 
sleep (2.0) ; 
kill_process (pid-sensor) ; 

I 

Before the robot's fxst use, the interpreter, something like the operating system of the robot, has 

to be downloaded to the microcontroller. The interpreter makes it possible for the robot to run 

programs written in IC. Normally, it is resident in the onboard static RAM, but it will be 

destroyed if batteries are disconnected from the robot for more than a few minutes or it may 

sometimes become corrupted during program development or robot assembly. If this happens the 

interpreter must be reloaded into the RAM. 

To download then the written programs to the Rug Warrior, the host PC has to be connected with 

the robot. The supplied cable assembly has a DB-25 female connector on one side and a 6-4 

phone plug, RJ-11, connector on the other. The female DB-25 connector plugs directly into the 

serial connector on many IBM-PC compatible computers. If the computer has a 9pin connector, 

a 9 to 25 pin adapter has to be used in order to connect to the Brains Kit cable assembly. 

After installing IC on the PC, there are different commands to handle programs like loading files 

to the robot, editing files or the help command. A list of IC commands, taken from the Robot 

Assembly Guide, can be found in Appendix A4. 



After one or more functions have been downloaded to the board, the robot has to be disconnected 

from the host computer. If one of the functions is named main ( 1 ,  it will automatically start when 

the board is reset. 

3.3 Example programs 

This picture demonstrates in general how Rug Warrior works. The measured outputs rclicks and 

lclicks are converted into the velocities of the right and the left wheel. 

initial state 
right velocity v rclicks 

r 

reference path t 
The following program is taken from the Homepage of the AutoLife-project at the University of 

Stuttgart, Germany, where you can also find a short video in which the Rug Warrior executes 

this program. Only German expressions were translated into English. 

Due to manufacturing tolerances, it could happen, that the two motors run in different speeds by 

applying the same voltage and for that the robot runs a curve when he is programmed to go 

straight. In order to solve this problem, the shaft encoders have t~ be read i;ei+o&ca::y and ihe 

wheel speeds have to be corrected. The following blockscheme explains the situation: 

left 
0 d 

Controller b 
right P 



/ *  constants * /  
float startingvelocity=30.0; 
float DELTA=4.0; 

/ *  logical values * /  
int TRUE = 1; 
int FALSE = 0; 

/ *  global variables * /  
int lclicks=O; 
int rclicks=O; 
float left=O.O; 
float right=O.O; 
int drnax=O ; 

Definition and partly declaration of constants, logical 
vaiues and global variables. 

float velocity; I 

void alert-tune ( )  I Subprogram alert-tune 
1 
L 

tone(1046.5, 0.200) ; 
tone (1396.9, 0.200) ; 
tone (1046.5, 0.200) ; 
tone(698.5, 0.200) ; 

1 

Evokes the subprogram void tone (float frequency, 
float length) from the IC library file, which produces a 
tone at a pitch frequency in Hertz for a period of length 
seconds. 
In this case, a sequence of four tones is played. 

int abs (int x) 
{ I 
if (X < 0) 
return 0-x; 
else 

Subprogram abs 

Gives out the absolute (positive) value of the incoming value. 
return x; 

1 I 
void clicks ( )  

init-velocity ( ) ; 
while (TRUE) 
{ 
if (right > 0.0) 
rclicks+=get-right-clickso; 

else 
rclicks-=get-right-clicks(); 

if (left > 0.0) 
lclicks+=get~left~clicks(); 

else 
lclicks-=get-left-clicks(); 

printf("1: %d r: %d\n",lclicks,rclicks); 
1 

1 

Subprogram clicks 

Counts the clicks of the right and the left 
encoder and gives them out on the LCD 
display. 
At first, the command init-velocity 
from the IC library file has to be 
evoked. With this, the functions 
get-right-clicks and 
get-lef t-clicks become meaningful. 
The condition if right / left are greater 
or smaller than 0, takes account of the 
robot's driving direction. 
This subroutine is an infinite loop. 



void go-straight() 

int d; 

while(TRUE) 
{ 
d=rclicks-lclicks; 
if (abs (dl > abs (dmax) ) drnax=d; 
left= velocity+DELTA*(float! d; 
right=velocity+DELTA*(float) d; 
drive(velocity,DELTA*(£loat)-d); 
sleep(0.1); 

1 
1 

void main0 
{ 
int pid-clicks; 
int pid-go; 
test-number=!test-number; 
If (testpumber) 
{ 

I Subprogram go-straight 

Calculates the difference between the clicks of 
the right and the left encoder, saves the maximum 
divergence and lets the robot go by evoking the 
subprogram void drivecfloat trans-vel, 
f l o a t  rot-vel! from the IC library file. After 
thzt the mbot w&s fer 0.1 secmds, something 
like a s a q l e  time, sc that afterwards the 
corrected values can be used. 
The values of the variables lef t  and r ight ,  used 
in the subprogram cl icks ,  are corrected by the 
difference of the encoder's clicks a. 
This subroutine is an infinite loop. 

Main program 
At first the variables pid-clicks and pid-go are defined 
and test-number is reversed from TRUE to FALSE or 
vice versa. If test-number, a persistent variable defined 
in l i b r w l l . ~ ,  is then TRUE, the following lines are 
executed. 

Velocity = startingvelocity; 
While (rclicks i 50) { }  
Velocity = 0.0; 
Tone(1046.5, 0.200) ; 
Sleep(2.0); 

Sleep (1.0) ; 
Alert-tune ( ) ; 
Pid~clicks=start_process(clicks()); 
Pid~go=start_process(go~straight()); 

Velocity = -startingvelocity; 
While (rclicks > 0) { }  
Velocity = 0.0; 
Tone(1046.5, 0 -200) ; 
Tone(698.5, 0.200) ; 
Sleep(2.0) ; 

First the robot sleeps for a second and then 
produces a sequence of tones. Afterwards the 
processes clicks ( ) and go-straight ( ) 

are started, with giving their returning pid's 
to the variables defined before. 

The robot starts driving forwards at startingvelocity 
up to his right encoder counted 50 clicks. Then he 
stops, plays a tone and waits for two seconds. 

After this, the robot should move backwards 
up to his right encoder counted back to 0 
clicks. Then it stops, plays two tones and 
waits again for two seconds. 

Kill_process (pid-go); 
Kill_process(pid-clicks); 
Printf("max. divergence: %d",dmax); 

} 

At last, the processes clicks o and 
go-straight (1  are killed and the maximum 
divergence between the right and the left 
encoder is given out on the robot's LCD 
display. 

e 



Else 
Pr i 

v 

If test-number is FALSE, '----STOP----' is 
written on the robot's LCD display and it 
doesn't do anything. 

On this Homepage you can also find some other programs, for example two different solutions 

about finding a light source. 

The first solution works in the way that the robot turns in place searching for the direction of the 

brightest light. Then it moves straightforward in this direction, still checking the light intensity 

measured by the two photoresistors. The other solution lets the robot following a wall until the 

place of the brightest light is reached. 

In both cases, nearly all sensors of the Rug Warrior are used: the photoresistors to search the 

brightest light, the infrared sensors to avoid obstacles and the wheel encoders to measure 

movements (the only one not used is the microphone). 

Another example is the demonstration program demome, that can be found at 

ht tp:/ /www.ee.uwa.edu.au/-braunl/autolif .c .  It has three modes of operation, 

which are selected by pressing the robot's RESET button; the LCD screen displays the current 

mode. 

The first mode, seek light, (switch ( ) == 0) causes the robot to move toward the brightest light. 

While it does so, the robot monitors the IR obstacle detector and turns away if a collision would 

take place. But it also watches the bump sensors and if a collision does occur, Rug Warrior will 

back up and attempt to escape from the obstacle. With this mode it will also be possible to let 

Rug Warrior follow a flashlight by pointing it at its photocells. 

The second mode of operation, seek darkness, (switch() == 1) causes the robot to avoid the 

light. Rug Warrior monitors the IR detector and bump sensors as above while trying to find the 

darkest spot to hide. 

In the third operating mode, wait for whistle, (switch() == 2) Rug Warrior remains still while 

monitoring the microphone circuit. When the robot detects a noise it responds by sounding the 

piezobuzzer. 

This works with the following subroutines, extracted from the program: 



At first several variables are defined: 

int 
int 
int 
int 
int 
int 
int 

int 
int 
int 
int 

STOP = 0; 
FORWARD = 1; 
BACKWARD = 2 ; 
LEFT-TURN = 3; 
RIGHT-TURN = 4; 
LEFT-ARC = 5; 
RIGHT-ARC = 6 ; 

cruise-command = FORWARD; 
photo-command = STOP; 
ir-command = STOP; 
bump-command = STOP; 

The subroutine int switch() uses test-number, a persistent variable defined in an IC library file, 

which is incremented every time the reset button is pressed, to return either 0 or test-number. 

This can be switched by pressing the robot's reset button more than once. 

int switch ( ) / *  Use the RESET button as a switch * /  
{ 
if ( (test-number < 0) I I (test-number > 2) ) 
t 
test-number = 0; / *  Reset test-number * /  
return 0; 

I 
else 
return test-number; 

I 

The subroutine void motor-control() then arbitrates the vehicle control according to fixed 

priorities, in case more than one control process becomes active. The process evaluates global 

variables (...-active), that are defined in the beginning, used in other subroutines and set by the 

individual behavior processes. E.g. if bumpers and infrared sensors are active at the same time, 

the bumper process gets control over the robot. 

The subroutine void move(int operation) contains drive() commands for the different 

operations ...- command. 

void motor-control ( ) 

while (1) 
{ 
if (switch() == 2) / *  Stop while listening . . .  * /  
move ( STOP) ; 

else if (bump-active) 
move (bump-command) ; 

else if (ir-active) 



move ( ir-command ) ; 
else if (photo-active) 
drive(50.0, (float) del-out * p-gain); 
else if (cruise-active) 
move(cruise~command); 

else 
move ( STOP) ; / *  NO commands => STOP * /  

defer ( )  ; 

1 
I 

The subroutine void printer() displays the running mode of operation according to test-number 

returned by switch(). 

void printer0 / *  Print status info to the screen * /  
{ 
while (1) 

if (switch() == 0) 
printf("Seek light " 1 ;  

else if (switch() == 1) 
printf("Seek darkness " ) ;  

else 
printf("Wait for whistle"); 

At last, the main ( ) program starts all the processes, which are killed by themselves including the 

defer() function at the end, that makes a process swap out immediately after the function is 

called. 

void main ( ) 
{ 
sleep(0.75); 
test-number++ ; 
alert-tune ( ) ; 
start_process (printer ( ) ) ; 
start_process(rnotor~contro1()); 
start_process (cruise ( )  ) ; 
start_process (photo ( ) ) ; 
start_process (ir ( ) ) ; 
start_process (bump ( ) ) ; 
start_process(check~sound()); 
start_process(check~bump()); 

1 

/ *  Update test number * /  
/ *  Show that processes are starting * /  

These ideas and the example code in demoone could be used as a stepping stone for creating 

own robot application programs. 



4 Conclusions and recommendation 

A great variety of available, autonomous mobile robots can be found on the Internet. The low- 

cost ones are good entry-robots to get the first experiences in robotics, but, because of the fact 

that they are csntrol!ed by ;nicrscor;trollers, they are only able to solve nore or less s inpk tasks. 

The more expensive ones are built for research applications; their onboard computers can 

calculate assignments that are much more complex. 

The most important feature of mobile robots is their ability of "sensing" their environment - 

their sensors. This includes on the one side the different kinds of sensors that can be mounted on 

the robot and on the other hand their capability and the coverage. A very important distinctive 

sign between several similar sensors is their accuracy. Comparing, for example, the clicks of the 

wheel encoders, the Rug Warrior has 16 counts per revolution whereas the Pioneer robots 2-CE 

and 2-DX have 500 counts per revolution. 

Summarized, both "groups" consist of very different robots concerning their abilities and also 

their price, and for that, they offer a wide spectrum, which should fulfill nearly everyone's needs 

and wishes. 

Within this project work, a low-cost autonomous mobile robot should be operated in the 

laboratory. For that, the following requirements should be satisfied: power supply should be 

wireless, programming should take place in a common programming language like BASIC, 

C/C++ or PASCAL, it should have some kind of basic sensors, like infrared object detection and 

photoresistors, it should be able to reconstruct its own position, for example by the help of wheel 

encoders, and it should be moved by two independently driven wheels. 

The only available one from the Appendix A1 that really fulfills all these conditions is the Rug 

Warrior. Since this is a quite good entry-robot, it may also be used for following student's 

projects like it's already done at several other universities all around the world. 

Rug Warrior's programming language is Interactive C (IC). It is based loosely on ANSI C and, 

for that reason, it is an easy programming language, especially for well grounded C users. 

Additional to general C commands there are also some specific IC commands, like those for the 

multitasking feature, while some other C attributes, like pointer functions, are not supported in 

IC. 



Since the general distributor of the Rug Warrior had difficulties to deliver the robot as agreed it 

was not possible to get any practical experiences in this project work and thus the report focuses 

on programming, starting from existing programs, which can be found on the Internet. 

Therefore, my recommendation for the further work would be - of course - first to operate the 

Rug Wmior, perhaps with the help of already written programs from other projects. A next step 

could be to write own programs perhaps even about new tasks. Here, the different sampling rates 

of the sensors have to be considered, which also determines the sensor's accuracy. Wheel 

encoders count the clicks directly, whereas the infrared system needs time to send out the 

modulated infrared light and detect it again when it has been reflected. Then using the 

multitasking option from Interactive C, where the operating system switches every 5 ms between 

these tasks, the possibility to read sensor's information is only given for this short time. And for 

that, the more processes are started, the longer the sensors' sampling rate will be. Because of 

this, it would be perhaps very helpful to swap out some processes, which then requires a 

communication system between the robot and an external PC, what could be done by a cable or 

wireless radio modem. 

Concerning the final goal of this research project -testing and developing nonlinear controllers - 

an external position management system should be implemented. By that, errors, e.g. in 

consequence of slip on the ground, could be corrected and a global movement planning could be 

installed. Probably a greater and more powerful robot will then become necessary to solve the 

required tasks. 



Unfortunately, the general distributor of the Rug Warrior, A. K. Peters in America, wasn't able 

to deliver the robot within the time of my project work, even if we ordered it five weeks before 

its end. For that reason, I wasn't able to get any practical experiences with this small autonomous 

mobile robot. B& also the theory zibout mobile robots offered me many opporttmities to deal 

with this subject. 

Even though I couldn't practice it, I think that the Rug Warrior is a great robot to get the first 

experiences in robotics and that he would have satisfied my demands to a first robot. Totally 

corresponding to the condition in chapter 1.1, the subroutine void drive ( i n t  trans-vel, i n t  

rot-vef) (see the Interactive C library file in Appendix A5) converts the two inputs forward 

velocity u (trans-vel) and steering velocity w (rot-vel) into the two outputs, i.e. the two 

voltages that have to be supplied to the motors. Of course, the accuracy of this low-cost mobile 

robot will never be comparable to the accuracy of the more expensive robots and also the 

computation power of a rnicrocontroller is logically much less than the one of a computer 

system. For that reasons, the two groups of mobile robots (the low-cost and the more expensive 

ones) are not comparable at all. 

The Rug Warrior is, however, a quite good entry-robot and he is able to solve tasks like finding a 

light, passing along a wall, driving through an unknown maze or just moving around without 

crashing obstacles. For many student's projects at several universities the Rug Warrior is used to 

solve such problems, but for further studies it would become necessary, in my opinion, to buy 

one of the bigger robots or built one like them on your own in order to deal with more 

complicated tasks. 

Even if my project work became more like a survey, I had a great view in the field of mobile 

robots and I hope, that somebody else will continue the work in order to operate the Rug Warrior 

in the laboratory. 
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Appendix A 

A1 Some available robots 

LOW-COS~ robots (in alphabetical order) 

Name 

ARobot 

Specifications 

3 user defined servo control 
ports 
serial communications port 
Expansion connector 
Dual front whisker sensors 
BASIC Stamp I1 
1 RS-232 input 
1 RS-232 output 
8 AA-batteries needed 

Boe-Bot 

LED's 
speaker 
photoresistors 
resistors 
infrared LED's 
receivers 
'555 timer 
BASIC Stamp ii 
4 AA-batteries needed 

ca. 1 5 x 2 0 x 7 c m  

Carpet Rover 

2 main drive wheels 
two servos 
BASIC Stamp 11-SX 
4 AA-batteries and 1 PP3 
battery needed 

Accessories 

additional whiskers 
sonar range finder 
smoke detector 
light sensors 
digital compass 
tilt sensors 

whisker kit 

toggle switches 
infrared proximity detector kit 
line tracker kit 



FirstBot TM 

2 main drive wheels toggle switches 
4 servo mounting brackets infrared proximity detector kit 
2 Standard hobby servo line tracker kit 
motors, suitable for 
modification 
4 resistors, used in servo 
modification 
BASIC Stamps II-IC 
4 AA-batteries and 1 PP3 

15.3 x 17 x 8.3 cm battery needed 

GrowBot 

pushbutton 
2 photo-sensitive resistors 
LED' s 
speaker 
2 independently driven wheels 
2 bumper contacts (wire 
bumper) 
BASIC Stamp II-SX 
4 AA-batteries 

ca. 15 x 23 x 7 cm 1 9-Volt battery 

Micromouse 



Rug Warrior 

20 cm diam. 

SX Tech-Bot 

20 cm diam 

Talrik Junior TM 

i 8  diam x 9 cm 

2 driven wheels + 1 caster 
LCD display 
RS-232 serial port 
Piezoelectric buzzer 
4 controllable LED's 
Bumper 
2 photoresistors 
infrared obstacle detectors 
with 2 infrared LED's 
microphone 
2 shaft-encoders 
Motorola microcontroller 
programmable from IBM PC 

as Boe-Bot but with SX Tech 
Board 

2 wheels driven by each 1 
motor + 1 caster 
2 forward IR emitters 
1 backward IR emitters 
2 forward analog IR detectors 
3 Front bumper switches 
(tactile) 
1 Rear bumper switch (tactile) 
Motorola microcontroller 
programmable from IBM PC 



Talrik Junior Pro TM 

2 wheels driven by each 1 
motor + 1 caster 
2 forward IR emitters 
1 backward IR emitters 
2 forward analog IR detectors 
3 Front bumper switches 
(tactile) 
i Xear bumper switch (tactile) 
3 digital input ports with 
waveform capture 
8 digital inputs 
Motorola microcontroller 
programmable from IBM PC 



Expensive robots (in alphabetical order) 

AmigoBot 
2 wheels + caster additional YO potential 
2 motors with 500-tick remote monitoring system 
encoders extra battery 
4 front sonar PC Joystick 
2 side sonar 
2 rear sonar 
microspeaker 
Battery + charger 

28 x 33 cm onboard 1 MB EPROM for 
. wav files 
Hitachi H8S 16-bit UC-based 
microcontroller 
2 RJ- 1 1 RS-232 serial ports 
programming with real-time 
Colbert language or with 
Saphira (transparent to C/C++) 
also controllable by joystick 

ATRV 

4-wheel differential Computer Upgrades 
4 high torque servo motors additional computers 
500-tick motor encoders Replacement battery pack 
5 front sonar Vision systems 
10 side sonar Individual Vision Components 
2 rear sonar Wireless Communications 
optional wireless or 1 to 3 computerized navigation 
MBPS Ethernet compass 
communication Laser Scanner 
110 ports: Joystick, RS-232, ASCII to speech interface 
FARnet Front and rear bumper tactiles 
Singie or duai Pentium Ii i 2  channei GPS receiver 
computer system Inertial Sensors 
onboard 10baseT-networking 



4-wheel differential 
2 high torque servo motors 
500-tick motor encoders 
5 front sonar 
10 side sonar 
2 rear sonar 
optional wireless or 1 to 3 
MBPS Ethernet 
communication 
I/0 ports: Joystick, RS-232, 
FARnet 
Single or dual Pentium I1 
computer system 
onboard l0baseT-networking 

4-wheel differential 
2 servo motors 
500-tick motor encoders 
6 front sonar 
8 side sonar 
2 rear sonar 
optional front and rear bumper 
tactiles 
optional wireless or 1 to 3 
Mbps Ethernet communication 
I/O ports: Joystick, RS-232, 
FARnet 
optional onboard mini- 
computer system 
onboard 10baseT-networking 
with optional onboard mini- 
computer system 

Computer Upgrades 
Replacement battery pack 
Vision systems 
Individual Vision Components 
Wireless Communications 
computerized navigation 
compass 
Laser Scanner 
ASCII to speech interface 
Front and rear bumper tactiles 
12 channel GPS receiver 
Inertial Sensors 

Onboard Mini-Computer 
Replacement battery 
Vision systems 
Individual Vision Components 
Wireless Communications 
computerized navigation 
compass 
12 channel GPS receiver 
Inertial Sensors 
Laser Scanner 

Construction Set 



Magellan 

36.8 cm diam 

MAX Platform 96 

2-wheel drive 
2 servo motors 
16 sonar sensors 
16 infrared sensors 
16 tactile sensors 
optional wireless or Ethernet 
communication 
I/O ports: Joystick, RS-232, 
FARnet 
optional mini-computer 
system 
MobilityTM Robot Integration 
Software 

Pentium or Pentium I1 Mini- 
computer system 
1 to 3 MBPS Wireless 
Ethernet Radios 
56.7kbps Wireless RS-232 
Modems 
Small stereo vision systems 
wkeless video system 
Cognachrome vision system 
Camera and Frame Grabber 
Options 
Laser Scanner 
computerized navigation 
compass 
ASCII to speech interface 
Rugged reusable shipping case 

MAX Platform 97 



MAX Platform 99 

30 cm diam 

Pioneer 2-AT 

Pioneer 2-CE 

2 wheels 
2 caster 
2 drive motors 

4 wheels 
4 motors with 100-tick shaft 
encoders 
without embedded computer: 
wireless radio modem pair 
with embedded computer: 
Ethernet station adapter & 
acces point 
9-pin RS-232 serial c o r n  
port 
Siemens C166-based 
microcontroller 
programming with real-time 
Colbert language or with 
Saphira (transparent to C/C++) 
or under WIN32 using any 
C/C++ compiler 
microcontroller: 2 RS-232 
optional embedded computer: 
4 RS-232 and 1 Ethernet 

optional 8 forward sonar 
optional 8 rear sonar 
Surveillance option 
Compass 
Gripper 
Bumper 
Internet Operation 
requiring onboard computing: 
optional laptop 
Laser 
GPS 
VisionIACTS Color-Tracking 
SpeechlVoice option 
Stereocam Rangefinder 
Ethernet options 

2 wheels + caster 8 ultrasonic front sonar 
500-tick motor encoders Bumper ring 
Siemens C 166-based PTZ Color-Track 
rnicrocontroller PTZ Surveillance 
programming with real-time Compass option 
Colbert language or with 
Saphira (transparent to C/C++) 
Outboard 9-pin RS-232 serial 
PO* 



Pioneer 2-DX 

2 wheels + caster optional 8 rear sonar 
500-tick motor encoders Surveillance option 
8 forward sonar Compass 
without embedded computer: Gripper 
wireless radio modem pair Bumper 
with embedded computer: Internet Operation 
Ethernet station adapter & requiring onboard computing: 
acces point ~ptional ! a p p  
9-pin RS-232 serial comm Laser 
PO* GPS 
Siemens C 166-based VisionIACTS Color-Tracking 
microcontroller SpeechIVoice option 
programming with real-time Stereocam Rangefinder 
Colbert language or with Ethernet options 
Saphira (transparent to ClC++) 
or under WIN32 using any 
ClC++ compiler 
microcontroller: 2 RS-232 
optional embedded computer: 
4 RS-232 and 1 Ethernet 

Prometheus I 

2 wheels + caster PC1104 + Plug-Ins 
2 motors Kephera-Koala compatible 
500-tick motor encoders Radiomodem ready 
11 analog input channels (10 any analog sensor with output 
bit) between 0 and 4.2 V 
16 digital 110 channels any digital sensor 
SMC-U Polaroid sonar 
SMC-Infrared sensors 
possible to connect 11 SMC-U 
or 11 SMC-I or any 
combination of them 
Motorola 68376 processor 
(20MH~j, 1 MI3 RAN, 1hfG 
FLASH 
Kameleon rnainboard, 
programmable in C, 
SysQuake, LabVIEWB or 
MATLAB@. 
communication channels: 
RS232, USB and CAN. 



Prometheus I1 

4 wheels PC/ 104 + Plug-Ins 
4 motors Kephera-Koala compatible 
500-tick motor encoders Radiomodem ready 
11 analog input channels (10 any analog sensor with output 
bit) between 0 and 4.2 V 
16 digital I/0 channels any digital sensor 
SMC-U Polaroid sonar 
SMC-Infrared sensors 
possible to connect 1 1 SMC-U 
or 11 SMC-I or any (as Prometheus I but the 
combination of them chassis can be resized into six 

different sizes) Motorola 68376 processor 
(20MHz), 1 MB RAM, IMB 
FLASH 
Kameleon mainboard, 
programmable in C, 
SysQuake, LabVIEW@ or 
MATLAB@. 
communication channels : 
RS232. USB and CAN. 



A2 Robot distributors 

ActivMedia Robotics LLC 
44 - 46 Concord Street 
Peterborough 
NH 03458 
USA 
Phone: 683-9249 188 
Fax: 6O3-924-2i 84 
http://www.activrobots.com 
Robots @activmedia.com 

Antratek Electronics 
Postbus 356 
2900 AJ Capelle AID Ijssel 
Netherlands 
phone: 010 4304949 
fax: 010 4514955 
http://www.antratek.nl 
info@antratek.nl 

Applied A1 Systems, Pnc. 
3232 Carp Road 
Ontario KOA 1LO 
Canada 
phone: 613 839 6161 / 

800.895.6616 
fax: 613.839.6616 
http://www.aai.ca 
info@AAI.ca 

Arrick Robotics 
P.O. Box 1574 
Hurst 
Texas, 76053 
USA 
Phone: (817) 571-4528 
Fax: (817) 571-23 17 
http://www.robotics.com 
info@robotics.com 

Intelligent Mobile Robots for Research, Applications, 
Shows, Classrooms, Home. 
More advanced robots. 

amigoBot 
Pioneer 2-AT 
Pioneer 2-DX 

Dutch distributor of Parallax, developer of the BASIC 
Stamp microcontroller. 

GrowBot 
Boe-Bot 

Canadian dealer of more advanced robots. 

ATRV-Mini 
ATRV-Junior 
ATRV 
Magellan 

Manufacturer of easy-to-use, PC-based automation 
products, robotic workcells and automation accessories. 

Arobot 



iRobot 1 IS Robotics 
Twin City Office Center 
Suite 6 
22 McGrath Highway 
Somerville 
MA 02143 
USA 
Phone - (6 17) 629-0055 
C,,  / L1  -I\ L3n A1 3L 
1.an - W L  1 1  VL~-VILV 
hti~p://~~~.iT~boi.com/rwi/iildex.htm 
info@isr.com 

JOKER Computer Systems and 
Robotics 
Tilo Schlumberger 
Mahdentalstr. 45 
7 1065 Sindelfingen 
Germany 
phone: +49 (0) 703 1 7976-0 
fax: +49 (0) 7031 7976-55 
http://www.ioker-robotics.com 
joker @joker-robotics.com 

K-Team SA 
Ch. de Vuasset 
CP 111 
CH- 1028 Prkverenges 
Switzerland 
Phone: +4121 802 54 72 
Fax: +4121 802 54 71 
http://www.k-team.com 
info@ k-team.com 

Lynxmotion, Inc. 
PO Box 818 
Pekin 
IL 61555-0818 
USA 
Tel: 309-382-1816 (Sales) 
Tel: 309-382-2760 (Support) 
Fax: 309-382- 1254 
http://www.lynxmotion.com 
sales @ lynxmotion. com 
tech@lynxmotion.com 

American dealer of high advanced robots, mobility 
software and robot accessories like sensors, 
communication systems and onboard computers. 

Magellan 
ATRV 
ATRV-Junior 
ATRV-Mini 

Arised from the university of Stuttgart, this German 
dealer develops and sells mini-robots for educational 
and research purposes and organizes industrial seminars. 

Rug Warrior Pro 

K-Team manufactures a family of autonomous mobile 
robots and a general mobile system controller board for 
use in Education, Research and Industry. 

Kamaleon Board (used in Prometheus I & 11) 

American dealer that manufactures and distributes 
affordabie, high quality robot kits to universities, high 
schools and robotics hobbyists. 

Carpet Rover 
Micromouse 



Mekatronix 
316 NW 17th Street, Suite A 
Gainesville 
FL 32603 
USA 
http://www.mekatronix.com 
tech@ mekatronix.com 

nm:nrrrrrrLrr+:v c 
VuVCLA ,.as. 

Via Morghe~ 62, 
80129 Napoli 
Italy 
P.I. 0759 1020636 
phone.: +39 (081) 2298281 
fax: +39 (08 1) 229828 1 
www.microrobotix.com 
rnicrorobotix @tin.it 

Mr ~ o b o t ~ ~  
8822 Trevillian Road 
Richmond 
VA 23235 
USA 
phone: 804-272-5752 
http://www.mrrobot.com 
sales @mrrobot.com 

Parallax, Inc. 
599 Menlo Drive 
Suite 100 
Rocklin 
Ca 95765 
USA 
Phone: (916) 624-8333 
Fax: (916) 624-8003 
http://www. parallaxinc. com 
info@parallaxinc.com 

ROBOSOFT SA. 
Technopole d'lzarbel 
64210 BIDART 
France 
Phone (+33/0) 5 59 41 53 60 
Fax (+33/0) 5 59 41 53 79 
http://www.robosoft.fr 
sales @robosoft.fr 

Manufacturer of Autonomous Mobile Robots, Robot 
Kits, microcontroller kits and robot accessories, as well 
as educational materials related to science and robotics. 

Talrik Junior 
Talrik Junior Pro 

??Ikr~r&&x is 2~ Itta!iar, c m p ~ y  dedicated tc! the 
design, development and mnufacturing of imovztive 
non-industrial robots. Microrobotix is a spin off of the 
University of Naples, Italy. 

Prometheus I 
Prometheus I1 

Distributor of Robot kits, Microcontroller kits, 
Microcontrollers, Autonomous Programmable Mobile 
Robots, Software for Robots & 68HC11-based 
Microcontrollers, Printed Circuit Boards, RfC Servos, 
Gearhead DC motors, IR & Ultrasonic Sensors and 
transducers, Motorola chips, Wireless Mini Color 
Cameras and Parts. 

Talrik Junior 
Talrik Junior Pro 

Parallax prides itself on quality workmanship, 
professional sales and technical support, and 
development of innovative microcontroller development 
tools that are easy to use. 
Distributor of the BASIC Stamp microcontroller 

GrowBot 
Boe-Bot 

ROBOSOFT has been building a unique expertise in 
automating service machines and is also a distributor 
proposing a wide selection of sub-components to service 
robots designers, 

Pioneer 2-CE 
Pioneer 2-DX 
Pioneer 2-AT 
Magellan 
Rug Warrior 



Robot Store 
Mondo-tronics' Inc. 
PMB-N 
4286 Redwood Hwy 
San Rafael 
Ca 94903 
USA 
Phone: (4 15) 49 1-4600 
f2x: (415) 491-4696 
http://ww~~.RobotStore.com 
info@mondo.com 

Technology Education Index 
Online - Store 
33A Anglesea Road 
Orpington 
Kent 
BR5 4AN 
United Kingdom 
phone: 01689 898212 
fax: 07050 697466 
http://ww~.technologyindex.com 
technologyindex @btinternet.com 

The FirstBOTTM Store 
6306 Crickadorn Ct. 
Mississauga 
Ontario L5N 2J6 
Canada 
phonetfax: (905) 826-0320 
http://www.firstbotstore.com 
http://www.PersonalRobotics.net 
Sales@FirstBotStore.com 

Wirz Electronics 
P.O. Box 457 
Littleton 
MA 01460-0457 
USA 
http://www.hobbyrobot.com 
sales @ wirz.com 

Mondo-tronics' Robot Store Web Catalog features over 
400 robot kits, books, and software, as well as Muscle 
Wires@ shape memory alloys, and lots of other great 
robot related hardware, electronics, video tapes and 
more. 
The World's Biggest Selection of Hobby Robots & 
Supplies. 

Parnet R nvpr --Y" "" ' "A 

Micromouse 
RugWarrior 

Online-Store with different departments, like Robotics, 
Electronics, Automata, Paper, Engineering, 
Mechanisms, Books, Magazines, Graphics, Science and 
Models 

FirsBot 
Micromouse 
Carpet Rover 
Arobot 
GrowBot 
Boe-B ot 
Basicstamp 

Home of the FirstBot Robot Family - easy to build 
mobile robots for those beginning their autonomous 
robotic adventures. 

FirstBot 

American distributor of Robot Kits, Mobility Platforms, 
Hackable Toys, Motors, Sensors, Components, 
Information, Library, Robot Books, Software Library, 
Electronic Kits and Microcontrollers 

Arobot 
RugWarrior 
Platforms 



A3 Internet Links 

Research projects 

www.aut.ee.ethz.cN-bemporad/dsi/mr info.htm1 

Publications of the ETH Zuerich, Switzerland about Mobile robot navigation 

www.ifr.naavc.ethz.& 

Homepage of the Institute of Robotics at ETH Zuerich, Switzerland. 

Research project: Mail distributor system 

http://www.tik.ee.ethz.ch/mindstonns 

Lego MindStorms Site of the ETH Zuerich, Switzerland. 

Information about student's projects 

www.mit.edu 

Massachusetts Institute of Technology (MIT), USA, developer of the mobile robot Rug 

Warrior. 

http://~~~.ai.mit.edu/proiects/mobile-robots 

Homepage of the "Mobot group" at the MIT Artificial Intelligence Laboratory 

http://www.cim.mc~ill.ca~-dudek/mobile.html 

Information on the Mobile Robotics and Shape Recognition group at the Centre for 

Intelligent Machines (CIM), Montreal, Canada. Works on robot position estimation, 

navigation, exploration, and multi-robot collaboration. 

http://www.cs.uwa.edu.au/-mafmlrobot 

Info on Hobby Robots (from comp.robotics.) by the university of Western Australia. 

These pages contain information on locating inexpensive robotics components and kits, 

hobby robotics suppliers, hints on getting sensors to work, and sources of further 

information. 

http://www.roboken.esys.tsukuba.ac. ip 

Intelligent Robot Laboratory of the University of Tsukuba, Japan 

Working e.g. on tasks like vehicle control, sensing systems, autonomous behavior, 

multiple autonomous systems and human interface 



Rug Warrior 

http:/Iwww .akpeters.corn/run-warrior.htm1 

Homepage from A K Peters, the general distributor of the Rug Warrior, USA 

http:Nwww.ioker-robotics.com/index.htm 

Homepage from Joker Robotics the European distributor of the Rug Warrior, Germany 

htt~:!!\&7wsxr.robotst~re.co~J 

Homepage of an American distributor of the Rug Warrior 

Sells also many other robots, most of them are toy-/hobbyist- robots. 

http://www.robosoft.fr 

Homepage of the French distributor of the Rug Warrior, sells also may other robots like 

the Pioneer- and ATRV-robots and the Magellan. 

http://www.msoe.edu/-welch/sumrner/ruliwar.html 

Student's exercise in controlling the Rug Warrior at the Electrical Engineering and 

Computer Science Department, Milwaukee School of Engineering 

htt~://arielle.informatik.uni-kl.de/Lehre/Praktikum/RW. html 

General description of the Rug Warrior and experiences of a student's project at the 

University of Kaiserslautern, Germany 

http://arielle.informatik.uni-kl.de/Lehre/Praktikum/Links.html 

Rug Warrior Links (University of Kaiserslautern, Germany) 

http://arielle.informatk.uni-kl.de/Lehre/Praktkum/Movies.html 

MPEGs about Rug Warrior (University of Kaiserslautern, Germany) 

http://~~~.ee.uwa.edu.au/-braunl/autolife/ 

Project work about the group behavior and the emergent intelligence of groups of robots 

("robot swarms") of the department of electrical & electronic engineering at the 

university of Western Australia 

Possibility to download the Robot Assembly Guide, several Rug Warrior programs, and 

mpeg's about the Rug Warrior executing these programs. 

httv:/!homepages.fh-giessen.de/-hg6458/mobirob.html 

Student's project about assembling and programming the Rug Warrior at the technical 

high school of Giessen, Germany 

http://www.webbooks.net/books/ peters/RobotKit.html 



Description of the Rug Warrior by A K Peters (see above) 

http://~~~.~~.dartmouth.edu/-jonh/robots/spr96.html 

Robot "Serial Killer", based on the Rug Warrior and developed in a robotics class of the 

department of computer science Dartmouth College 

http://www.newtonlabs.com/ic/ 
T / l  X 1- 1 Deveioper of the interactive C programming language IL v 3. I used for the iiug 'Warrior. 

Download of the Interactive C 3.1 Manual as postscript, HTML or Windows help file. 

http://www.cs.bham.ac.uMcourses/SEM3A9/DCman/ic toc.html 

Online Interactive C User's Guide from the school of computer science at the University 

of Birmingham 



A4 IC commands (from the Robot Assembly Guide) 

load <filename> 

Compiles and loads the named file. The board must be attached for this command to work. IC 

looks first in the local directory and then in the IC library for path files. Several files may be 

Inaded intn ICJ t owe, a!!olzing progrixcs to be defined i s  mdtiple files. 

unload <filename> 

Unloads the named file, and redownloads remaining files. 

list files 

Displays the names of all files presently loaded into IC. 

list functions 

Displays the names of presently defined C functions. 

list globals 

Displays the names of all currently defined global variables. 

kill-all 

Kills all currently running processes. 

PS 

Prints the status of currently running processes. 

edit <filename> 

Brings up a system editor to allow editing of a file. This command is most useful on single- 

taslung operating systems, like MS-DOS. 

help 

Displays a help screen s f  IC comiands. 

quit 

Exits IC. Ctrl-C can also be used. 



A5 h'Iteractive C library file (from the Robot Assembly Guide) 

Time Commands 

System code keeps track of time passage in milliseconds. The time variables are implemented 

+h la*" :-+ 
Ublllti LIR lVllfj lll~eger dcta type. Stcndxd fxxtions allow use of floating p o i ~ t  variables when 

using the timing functions. 

void reset-system-time ( ) 

Resets the count of system time to 0 milliseconds. 

long mseconds ( 1 

Returns the count of system time in milliseconds. Time count is reset by hardware reset (i.e., 

pressing the RESET switch on board) or the function reset-system-time ( ) . mseconds ( ) is 

implemented as a C primitive (not as a library function). 

float seconds ( ) 

Returns the count of system time in seconds, as a floating point number. Resolution is 1 

millisecond. 

void sleep(f1oat sec) 

Waits for an amount of time equal to or slightly greater than sec seconds. sec is a floating point 

number. For example: 

I* wait for 1.5 seconds *I 

sleep(1.5); 

void msleep ( long msec) 

Waits for an amount of time equal to or greater than msec milliseconds. msec is a long integer. 

Example: 

I* wait for 1.5 seconds *I 

msleep(1500L); 



Tone Functions 

Several commands control the production of tones using the piezo beeper. 

void beep() 

Produces a tone of 500 Hertz for a period of 0.3 seconds. 

void tone(f1oat frequency, float length) 

Pmd~ces a ione at pitch f requemcy Hertz for length secoriids. Both f rsquency 2nd le~gth are 

floats. 

void set-beepersitch(f1oat frequency) 

Sets the beeper tone to be frequency Hz. The beeper-on ( 1  function is then used to turn on the 

beeper. Change beeper pitch while the beeper is on to produce warbling tones. 

void beeper-on ( ) 

Turns on the beeper at the frequency setpeeparsitch last selected. 

void beeper-off() 

Turns off the beeper. 

Sensor Input 

int digital(int nth) J 

Returns the state of the nth input bit of digital I/O Port A. Bits 1 and 2 are unassigned inputs. Bits 

0 and 7 are inputs connected to the left and right shaft encoders, respectively. Bits 3,4, 5, and 6 

are outpts. For example, c a lhg  dig i ta l  ( o  1 should retun the same value 2s 1ef t-shaft ( 1. 

int analog(int p) 

Returns the value of sensor port numbered p. The result is an integer between 0 and 255. Analog 

ports are mapped to the 681 1's Port E pins. Analog(0) corresponds to PEO, analog(1) to PE1, and 

so on. Lines PE6 and PE7 are available on the expansion connector for user customization. If the 

optional pyro sensor has not been installed, line PE5 (available on the pyro connector) may also 

be used. 

int analog(photo-right I photo-left) 

Returns the value of the right or left photo cell, respectively. Lower numbers indicate brighter 

light. 



int analog(microphone) 

Returns the instantaneous value of the AID input connected to the microphone. When no sound 

is present analog(micro~hone) returns a value of approximately 128. When sound is detected 

by the microphone the value may be more or less than 128. To determine a meaningful value for 

sound level the microphone must be sampled frequently and averaged. 

int analog(pyr0) 

Returns the value of the optional pyro sensor. This value is more or less constant witin time 

unless a heat edge passes the pyro sensor. 

int bumper ( )  

Returns a 3bit value corresponding to the closed bumper switches. If the bump switches are 

labeled A, B, and C ,  then bit 0 set corresponds to A closed, bit 1 set corresponds to switch B 

closed, and bit 2 set corresponds to switch C closed. For example, if bumper ( returns '3' (binary 

01 1) it means that switches A and B are closed. 

int ir-detect ( ) 

Returns a 2bit value with the following meanings: 0 - no obstacles detected, 1 - obstacle 

detected on right side, 2 - obstacle detected on left side, and 3 - obstacle detected on both sides. 

This test requires at least 2 milliseconds to complete. 

int leds(int n) 

Set the debugging LED's to the binary value of the four least significant bits of n. If the LED's 

are labeled from 0 to 3 starting on the right of the board then bit 0 of n corresponds to LED 0, bit 

1 to LED 1, and so on. Note that the debugging LED's are connected in parallel with the motor 

direction bits and the IR emitters. Thus the LED's cannot be activated without also activating 

these other functions and vice versa. 

Motor Functions 

Rug Warrior's drive motors are velocity-controlled. This feature means that it is possible to 

specify the speed at which each motor is to run, rather than just whether the motor is on or off. 

The primitives described below provide only open loop control. However, using these primitives 

it is possible to construct a closed loop velocity control system. 

int init-motors() 



This function initializes several registers that allow velocity control of the motors. It is called 

automatically on reset but may need to be called again if the MC68HC11 registers OClM, 

TCTL1, TOC1, or DDRD are altered. 

void motor(int index, int speed) 

This function is a primitive for controlling motor velocity. Index = 0 accesses the left motor; 

index = 1 accesses the right motor. Speed is an integer num-ber between 100 md +100. Speed 

represents the percentage of full speed at which the motor operates. 

void drive(f1oat trans-vel, float rot-vel) 

This function is used to control robot velocity and direction. trans-vel is an integer number 

between 100 and 100 specifying robot velocity as a percentage of maximum velocity (negative 

numbers cause the robot to back up). rot-vel is a number between 100 and 100 specifying the 

robot's rotational velocity as a percentage of maximum velocity. Positive numbers correspond to 

counterclockwise rotation. Drive specifies only the open loop velocities. 

Shaft Encoders 

Unlike other library routines, most functions that monitor the shaft encoders are not loaded 

automatically. These functions must be included explicitly by loading shaft. lis. This file loads 

speed. icb and shaft . c. The former file enables an interrupt routine that monitors the shaft 

encoder connected to line PAO. The latter file provides a low level user interface in the form of 

functions get-lef t-clicks ( ) and get-right-clicks ( 1. Each time one of these routines is 

called it returns the number of shaft encoder clicks since the last time it was called. This number 

is proportionai to the distance the wheel has turned during that interval. 

To measure robot velocity, arrange to have the get-clicks functions called at regular intervals. 

For example, this arrangement could be accomplished by setting up a process that calls a 

get-clicks function, writes the value to a variable, and then sleeps for a certain amount of time. 

How frequently the process should call get-clicks depends on the number of black to white 

stripe transitions (16 for the Brawn Kit) on your wheel and the velocity resolution that you 

require. Note that the shaft encoders ignore the direction of rotation - the get-clicks functions 

count up whether the wheel is turning clockwise or counterclockwise. 



void init-velocity0 

Initializes the routines that enable velocity monitoring. This function must be called before the 

results returned by get-lef t-clicks ( 1, and get-right-clicks ( ) become meaningful. 

int get-left-clicks0 

Accesses a variable maintained by a lower level interrupt routine (defined in speed. am). The 

interrupt routine is associated with 681 1 pin PAO. The value returned is the number of clicks 

since the previous call to get-left-clicks. 

int get-right-clicks0 

Accesses the pulse counter register associated with 68 11 pin PA7. The value returned is the 

number of clicks since the previous call to get-right-clicks. 

For programming convenience the following two functions are present 

in the Rug Warrior library. 

left shaft ( ) 

Returns the current state of the left shaft encoder; 1 if a white stripe is sensed, 0 otherwise. 

right shaft ( ) 

Returns the current state of the right shaft encoder; 1 if a white stripe is sensed, 0 otherwise. 
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